Background: As an important antivascular endothelial growth factor monoclonal antibody, bevacizumab has been administrated for the treatment of cancer patients. Hemorrhage, one of the common adverse events of angiogenesis inhibitors, sometimes is also fatal and life-threatening. We aimed at determining the incidence and risk of hemorrhage associated with bevacizumab in patients with metastatic colorectal cancer (mCRC).
Introduction
Angiogenesis, the formation of new vessels, has been proved as an indispensable intermediate process for tumor growth, metastasis, and progression. [1, 2] For this reason, multiple investigations have been focused on antiangiogenesis to excogitate its inhibitors for tumor therapy. Vascular endothelial growth factor (VEGF) family consists of VEGF-A, VEGF-B, VEGF-C, VEGF-D, VEGF-E, placenta growth factor(PIGE)-1, and PIGF-2. [3, 4] VEGF has been one of the most promising targets for tumor therapy. Bevacizumab (Avastin; Genentech, South San Francisco, CA) was approved for the treatment of various malignancies by the United States Food and Drug Administration for being a recombinant humanized monoclonal antibody that neutralizes VEGF-A. Bevacizumab has been effective in prolonging survival time for the treatment of metastatic colorectal cancer (mCRC) when used in combination with chemotherapy. [5] [6] [7] [8] [9] [10] [11] [12] Also it has shown prominent effects in other neoplasms such as metastatic renal cancer, [13, 14] nonsmall-cell-lung cancer, [15] [16] [17] [18] metastatic breast cancer, [19] [20] [21] [22] [23] ovarian cancer, [24, 25] cervical cancer, [26] advanced pancreatic cancer, [27] hepatocellular carcinoma, [28] and follicular lymphoma.
Unfortunately, the development of risk of hemorrhagic events during the treatment with bevacizumab in cancer patients has not been elucidated clearly. Two studies tried to demonstrate that bevacizumab increased the risk of high-grade hemorrhage in mCRC patients but did not obtain positive results. The earlier one [34] in 2010 included 6 trials associated with mCRC and the subgroup analysis showed that the relative risk (RR) of highgrade hemorrhage was 1.45 (95% confidence interval [CI] 0.88-2.38, see in Table 3 ) which meant bevacizumab did not increase the risk of high-grade hemorrhage in mCRC patients. Similarly, the other one [35] in 2011 included 8 trials associated with mCRC. The RR of high-grade hemorrhage was 1.23 (95% CI 0.80-1.89, see in Fig. 2) . As for mCRC patients, high-grade hemorrhage such as gastrointestinal perforation was commonly fatal and life-threatening. Therefore, there was a great necessity to confirm the risk of hemorrhage in mCRC patients treated with bevacizumab.
Considering that the 2 studies were both limited by a small number of randomized controlled trials (RCTs) for mCRC, and increasing RCTs have been focused on the efficacy and safety of bevacizumab in patients with mCRC since the 2 studies were published, we proposed to combine all the related RCTs to perform an updated meta-analysis to verify the overall incidence and risk of hemorrhage associated with bevacizumab in patients with mCRC.
Materials and methods

Data sources
According to the Preferred Reporting Items for Systematic Reviews and Meta-Analysis (Supplementary Table S1 , http://links.lww. com/MD/B213) statement, [36] we performed an independent review of citations from PubMed between January 1, 2000 and August 1, 2015 using the keywords "bevacizumab," "avastin," "clinical trials," "neoplasm." The trial type was limited to randomized, controlled clinical trials published in English. Our search strategies also contained the following text words such as "hemorrhagic events," "bleeding," "angiogenesis," "vascular endothelial growth factor"(VEGF), "colorectal," "colon," "rectal," "large bowel," "side effect," "adverse event." We also independently searched through Embase and the Web of Science between January 1, 2000 and August 1, 2015 to make sure that all eligible trials were included. All reference lists of the related trials and reviews were searched for additional eligible studies. When there were duplicated publications, we compared them and selected the most adequate one for further analysis. We contacted the authors to make sure there were no any omissions about the information when no bleeding was reported in the published studies. All analyses in our study were based on previous published studies, thus no ethical approval and patient consent are required.
Study selection
The purpose of the study was to determine the risk of hemorrhage associated with bevacizumab in patients with mCRC. Therefore, only RCTs that directly compared mCRC patients with or without bevacizumab were eligible. Phase I and single-arm phase II were excluded for lacking of control groups. Specifically, clinical trials that met the following criteria were included for further analysis: prospective, randomized, controlled phase II or III trials in patients with mCRC; random assignment of participants to bevacizumab or control groups using placebo or concurrent therapy in addition to chemotherapeutic or/and biological agent; and adequate data including event or incidence of hemorrhage and sample size for analysis.
Qualitative assessment
Assessment and calculation of the quality of RCTs included in the meta-analysis was based on the Jadad scale. [37] One point would be awarded for the mention of randomization, blinding, and relevant data on study withdrawals, respectively. And 1 point would be awarded when the randomization or blinding was applied correctly or else 1 point would be deducted. At last, no points were awarded if no data were provided on the methodology of the above-mentioned procedures. The full score of an RCT was 5. An RCT with a score >2 was regarded as an RCT of good quality. [38] 
Data extraction and clinical endpoints
Data abstraction was performed independently by 2 reviewers (XQZ and XLT) based on Preferred Reporting Items for Systematic Reviews and Meta-Analysis (Supplementary  Table S1 , http://links.lww.com/MD/B213) statement, [36] and any contradiction between the 2 reviewers was resolved by consensus. The following information of each study was extracted: author's name, publication year, phase of trial, number of enrolled patients, treatment arms, median age, median treatment duration, median progression-free survival, median overall survival, bevacizumab dose, median duration of followup, and number of hemorrhagic events. Hemorrhage in these trials was reported according to the National Cancer Institute's Common Terminology Criteria for Adverse Events (CTCAE, version 1, 2, or 3; http://ctep.cancer.gov). All of the 3 versions were almost similar in grading the toxicity of a medication leading to hemorrhage (Table 1) . And the following adverse Table 1 National Cancer Institute CTCAE version 1, 2, and 3 for hemorrhage. 
Grade
Statistical analysis
All statistical analyses were conducted using Stata version 12.0 software (Stata Corporation, College Station, TX). The number of patients with hemorrhagic events and the number of patients receiving bevacizumab were extracted from all the selected clinical trials. The proportion of patients with bleeding and 95% CI were derived for each trial. For the RR of hemorrhage, patients assigned to bevacizumab were compared only with those who assigned to a control group in the same trial. A dose-effect relationship for hemorrhage was evaluated by dividing the bevacizumab treatment into 2 kinds of types including 2.5 mg/kg/ wk which was balanced by 5 or 7.5 mg/kg per dose per schedule and 5 mg/kg/wk which was balanced by 10 or 15 mg/kg per dose per schedule. We estimated the statistical heterogeneity among selected studies by using the Q statistic, [39] and inconsistency was quantified with the I 2 statistic. Heterogeneity would be considered statistically significant if P heterogeneity < 0.05. Data were analyzed using a random-effects model when heterogeneity existed and a fixed-effects model was applied for lacking of heterogeneity. Any statistical test would be considered significant when a P value < 0.05. To explore the possible reasons for heterogeneity, we performed subgroup analysis based on phase of trial, controlled therapy, treatment line, treatment duration, and version of CTCAE. Additionally, we conducted sensitivity analysis by excluding 1 trial sequentially to compare the effect of each trial on the overall effect estimate. At last, publication bias was estimated by using the Begg and Egger tests [40, 41] and funnel plots.
Results
Search results
Based on our searching strategies, a total of 350 potentially relevant studies were acquired. The selection process is presented in Fig. 1 . Seventeen articles were eligible for further evaluation after 249 articles were excluded including reviews, metaanalyses, commentaries, letters, case reports, and observational studies. Five of the 17 articles were excluded because of the following reasons, 2 single-arm phase II trials, 2 both control and treatment groups received bevacizumab, and 1 had no adequate data for the assessment of hemorrhage. Finally, 12 articles were included for the meta-analysis consisting of 3 phase II trials and 9 phase III trials.
Study quality
Randomized treatment allocation sequences were generated in all trials. Patients were enrolled on the basis of specific eligibility www.md-journal.com criteria for each study. None was double-blinded and placebo controlled. Two trials had placebo as controls, [7, 9] and the rest of the trials had active controls. [5, 6, 8, [10] [11] [12] [30] [31] [32] [33] Hemorrhagic events were assessed and recorded according to the National Cancer Institute's Common Toxicity Criteria version 1, 2, or 3. Version 1 was used in only 1 trial. [5] Version 2 was used in 4 trials. [6] [7] [8] 10] Version 3 was used in 7 trials. [9, 11, 12, [30] [31] [32] [33] Follow-up time was not specified in 3 trials. [5, 6, 30] All the scores of the 12 selected trials were >2 and acceptable.
Publication bias
No evident publication bias was detected for the RR of hemorrhage among the 12 articles in this study by either Begg tests or Egger tests (P = 0.19 for Begg tests; P = 0.14 for Egger tests). Also a funnel plot with relatively symmetric inverse funnel distribution was obtained.
Patients
The main characteristics of the 12 selected trials are presented in Table 2 . A total of 10,555 patients were included for metaanalysis. The patients were all histologically confirmed with mCRC. Other inclusion criteria included an age of at least 18 years and most of the Eastern Cooperative Oncology Group performance status [42] of 0 and 1. Patients were also required to have adequate hematologic, hepatic, and renal functions. The exclusion criteria included clinically significant bleeding diathesis and cardiovascular disease, clinical detectable ascites, a history of major surgery within 28 days, serious nonhealing wounds, ulcer, or bone fracture, use of full-dose anticogulants or thrombolytics, central nervous system metastases, and pregnancy. All the patients in the selected trials were randomly assigned to either control or bevacizumab group and one of the 3-arm studies had 2 arms of bevacizumab dividing into 2 different dose levels. [5] 3.5. The overall incidence of hemorrhagic events with bevacizuamb Together 5019 patients receiving bavacizumab in the 12 RCTs was used to calculate the overall incidence. And 187 hemorrhagic events occurred among these patients treated with bevacizumab. The highest incidence (6.3%; 95% CI 3.5%-9.1%) was obtained in the trial conducted by Giantonio et al, [8] and the lowest incidence (0.3%; 95% CI 0.0%-0.6%) was obtained in the trial conducted by Allegra et al. [31] Using a random-effects model, the overall incidence of hemorrhagic events in patients receiving bevacizumab was 5.8% (95% CI 3.9%-7.8%; Fig. 2 ).
RR of hemorrhagic events with bevacizumab
To figure out the specific contribution of bevacizumab to the risk of hemorrhage, we calculated the overall RR of hemorrhage events associated with bevacizumab.
Together 10,030 patients (bevacizumab 5019, controls 5011) were included in the 12 RCTs for calculating the overall RR of hemorrhagic events that combined all-grade and high-grade hemorrhage. All the trials had hemorrhagic events either for allgrade or high-grade or even both, and only one had no hemorrhagic events in the control group. [10] Using a randomeffects model, the overall RR of hemorrhagic events was 1.96 (95% CI 1.27-3.02, Fig. 3A) . The RR of hemorrhagic events for all-grade and high-grade were also calculated separately. Five of the 12 trials were included to calculate the overall RR of all-grade hemorrhagic events, and the RR was 2.39(95% CI 1.09-5.24, Fig. 3B ), suggesting the treatment with bevacizumab had a higher risk compared with the control. For the high-grade hemorrhagic events, 10 trials had available data for calculation and the RR was 1.41 (95% CI 1.01-1.97, Fig. 3C) .
Thus, the conclusions from RR of all-grade and high-grade hemorrhage were consistent with the overall RR that combined all-grade and high-grade hemorrhage, demonstrating that bevacizumab increased the risk of hemorrhagic events.
Bevacizumab dosage and the risk of hemorrhagic events
We determined the dose of bevacizumab contributed to the RR of hemorrhagic events. The dose of bevacizumab was divided into low dosage (2.5 mg/kg/wk) and high dosage (5 mg/kg/wk). The RR of 2.5 mg/kg/wk was 1.73 (95% CI 1.15-2.61, Fig. 4A ) and the RR of 5 mg/kg/wk was 4.67 (95% CI 2.36-9.23, Fig. 4A ). The differences between the 2 groups were significant (P = 0.001; Table 3 ). Besides, the higher risk of high dosage than low dosage suggested that the risk of hemorrhage associated with bevacizumab was dose-dependent.
RR of hemorrhagic events based on the subgroup analysis
To explore the potential factors for the heterogeneity, subgroup analysis was performed according to phase of trial (random phase II and phase III), controlled therapy (placebo and nonplacebo), treatment line (1st line and 2nd line), treatment duration (<=6 and >6 months), and versions of hemorrhagic events grading according to the National Cancer Institute CTCAE (version 1, 2, and 3) . And then we carried out a subgroup analysis stratified according to the treatment duration (>6 months as long period and <=6 months as short period; Fig. 4B ). The RR of hemorrhage for long period was 1.43 (95% CI 0.96-2.14, P = 0.08) and the short period was 4.13 (95% CI 2.58-6.61, P < 0.001). There were significant differences between the 2 groups (P = 0.001; Table 3 ). Finally, a subgroup analysis stratified according to the version of CTCAE (Supplementary Figure S2B , http://links.lww.com/MD/ B213) was conducted. The results showed a significantly increased risk of hemorrhage as the RR of CTCAE version 2 was 2.01 (95% CI 1.07-3.79, P = 0.03) and CTCAE version 3 was 1.57 (95% CI 0.96-2.57, P = 0.07). The RR of CTCAE version 1 was 5.22 (95% CI 2.64-10.32, P < 0.001).
RR of hemorrhagic events based on the sensitivity analysis
We also performed a sensitivity analysis to identify the influence of each study on the overall RR of hemorrhage by omitting 1 trial sequentially. Our results demonstrated that the heterogeneity could not decrease significantly by eliminating any one of the trials. Then we tried to excluded 2 trials, Kabbinavar et al [5] and Cunningham et al, [12] that influenced the heterogeneity significantly (Supplementary Figure S3A , http://links.lww.com/MD/ B213). Then the overall RR was 1.39 (95% CI 1.00-1.92; Supplementary Figure S3B , http://links.lww.com/MD/B213), and there were no significant differences among these trials (I 2 = 15.2%, P = 0.30). We proposed this might be the source of heterogeneity. 
Discussion
Two previous meta-analyses regarding the risk of hemorrhage among mCRC patients treated with bevacizumab have been published in 2010 and 2011, respectively. Hapani et al [34] firstly estimated the risk of serious hemorrhage treated with bevacizumab in mCRC patients but failed to demonstrate that bevacizumab increased the risk of high-grade hemorrhage. Also the results from Hang et al [35] suggested that bevacizumab did not increase the risk of high-grade hemorrhage. However, the results from these 2 studies might not be credible because of several limitations as follows. First, the number of RCTs involved in mCRC in both previous meta-analyses were small (6 in Hapani study and 8 in Hang study). Second, both of the studies did not perform further analysis for certain tumor type and were lack of further investigations about confounding factors of hemorrhage. Third, most of the RCTs used CTCAE version 1 and 2 to grade hemorrhagic events. Although version 1, 2, and 3 of CTCAE was similar, version 3 was more complete than previous versions and applied by 7 RCTs in our updated studies.
VEGF, being a multifunctional cytokine that plays an important role on regulating the angiogenesis process, is a pivotal target for cancer therapy. Although the mechanisms of hemorrhage regarding the anti-VEGF monoclonal antibody have not been clearly clarified, the interaction of bevacizumab and VEGF could be one possible interpretation. When bevacizuamb combined with VEGF, the renewal of endothelial cells decreased, namely, the formation of new vessels was inhibited. This might increase the risk of hemorrhage when the vessels are damaged such as trauma. Also when the maintaining of vascular integrity was disrupted by bevacizumab, the underlying matrix, and collagen exposed and contributed to hemorrhage or thrombosis or both. [43] A meta-analysis has demonstrated that the addition of bevacizuamb to standard antineoplastic therapy increased the risk of venous thromboembolism with an RR of 1.33 (95% CI . [44] In addition, bevacizumab could promote the apoptosis of endothelial cells and made substantial subendothelial matrix deposit. This might facilitate the access to hemorrhage. [45] Indeed, infinite proliferation and invasion were the main characteristics of specific tumors that contributed to tumor necrosis. This might lead to the formation of cavity that increased the risk of hemorrhage.
We performed this updated meta-analysis aiming at exploring the overall incidence and RR of hemorrhagic events associated with bevacizuamb in patients with mCRC so that physicians and patients can get a better understanding about the risk of hemorrhage. Our updated meta-analysis provided a greater statistical power for evaluating the risk of hemorrhage treated with bevacizumab in mCRC patients because a total of 10,555 patients from 12 RCTs were included. Our results showed that the overall incidence of 5.8% (95% CI 3.9%-7.8%) was much higher compared with the 2 previous studies, showing the incidence of 2.8% (95% CI 2.1%-3.7%) [34] and 2.7% (95% CI 2.1%-3.6%). [35] More importantly, as for all-grade and highgrade hemorrhage, the RR was 2.39 (95% CI 1.09-5.24) and 1.41 (95% CI 1.01-1.97), respectively. And when combined allgrade and high-grade hemorrhage, the RR was 1.96 (95% CI 1.27-3.02). Thus, we could draw a powerful conclusion that bevacizumab significantly increased the risk of hemorrhage in patients with mCRC.
In consideration of the potential risk factors of hemorrhage associated with bevacizumab, we 1st determined that bevacizumab dosage contributed to the risk of hemorrhage. Our subgroup analysis demonstrated that high dose of bevacizumab (5 mg/kg/ wk) much more significantly increased the risk of hemorrhage than low dose of bevacizumab (2.5 mg/kg/wk) with the RR of 4.67 (95% CI 2.36-9.23) versus 1.73 (95% CI 1.15-2.61). This result suggested that the risk of hemorrhage associated with bevacizumab was dose-dependent, and bevacizumab dosage could be one of the risk factors. A close supervision of the development of hemorrhage was strongly recommended during the treatment especially in a high dosage. Given that the risk factors of bevacizumab were not fully elucidated, we also did additional subgroup analyses to figure out the potentially relevant risk factors. Interestingly, we found that the treatment duration for short period (<=6 months) increased much higher risk of hemorrhage with an RR of 4.13 (95% CI 2.58-6.61) despite that the RR of long period (>6 months) was 1.43 (95% CI 0.96-2.14). Therefore, we suggested that clinicians and patients should be aware of the high risk of hemorrhage during the 1st 6 months treatment with bevacizumab. Patients might have developed good tolerance of hemorrhage associated with bevacizumab after 6 months. Unfortunately, in terms of the results of subgroup stratified according to phase of trial, controlled therapy, treatment line, and version of CTCAE, no exact evidence demonstrated these were risk factors of hemorrhage. Our findings might be limited by the sample size and more trials were needed to identify these results.
We did subgroup analyses to explore the source of heterogeneity but our results showed that subgroups such as phase of trial, controlled therapy, treatment line, and CTCAE version could not give credible interpretations. Then we did sensitivity analysis and demonstrated that the 2 trials [5, 12] could be the source of heterogeneity because statistics ranged from I 2 = 62.1%, P = 0.002 to I 2 = 15.2%, P = 0.30 when the 2 trials were excluded. Then we further investigated the 2 trials and found that there were no high-grade hemorrhagic events reported in the 2 trials. The possible explanation might be that the criteria of grading hemorrhage were different among these trials. Since the version of the National Cancer Institute's Common Terminology Criteria renewed every several years, we could not determine which version to be used for individual trials.
However, limitations are inevitable in any meta-analysis because a meta-analysis is at the study level and our study is not exceptional. First, confounding factors belonging to the baseline characteristics of patients such as sex, age, race, or geographical distribution could not be assessed because data on these aspects were not commonly published. As for age, Aprile et al [46] suggested that older patients should not represent a stringent limit for the employ of antiangiogenic agents. Also, patients who were regularly received anticoagulants (e.g., warfarin), antiplatelet therapy (e.g., aspirin), or hematological therapies were often excluded by investigators. Although a study published by Leighl et al [47] suggested that bevacizumab did not increase the risk of severe bleeding in cancer patients who received therapeutic anticoagulation, we could not identify this conclusion in our study. Second, the time that hemorrhage occurred among patients in individual trials was commonly different because bevacizumab could generally prolong the overall survival or progression-free survival, and this might lead to an observation time bias. Third, in terms of patients with metastatic malignancies, metastasis sites might also increase the risk of hemorrhage because the metastasis sites could affect the functions of corresponding organs. Indeed, patients with adequate hematologic, hepatic, and renal functions were included in most of the trials which meant those who had corresponding organ dysfunctions were generally excluded. So, the risk of hemorrhage associated with bevacizumab among these patients was still not estimated and more studies should be focused on this issue. Fourth, Huang et al mentioned that the most common site of high-grade hemorrhage associated with bevacizumab in colorectal cancer was gastrointestinal/rectal and the primary tumor site was associated with the risk of high-grade hemorrhage because the rectum site had a higher rate than colon site. [35] And this conclusion could not be identified in our study either. Finally, although we did subgroups based on treatment duration, the conclusion that the 1st 6 months was a critical period with a high Table 3 Incidence and relative risk of hemorrhage in mCRC patients treated with bevacizumab based on subgroup analysis. One trial was a 3-arm study containing low-dose and high-dose bevacizumab treatment. † One trial was a 3-arm study containing 2 different treatment durations of bevacizumab.
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Medicine risk of hemorrhage might not be strongly supported by our results because the sample size was small. As for controlled therapy subgroup, there were only 2 trials that used placebo as for controls. More trials should be conducted to confirm these issues. In summary, our updated meta-analysis of 12 RCTs demonstrated that the addition of bevacizumab to treatment in patients with mCRC significantly increased the risk of hemorrhage. The probable risk factors may be the dose of bevacizumab. Our findings would be helpful for physicians and patients to be aware of that hemorrhagic events may occur at any time during the treatment with bevacizumab in mCRC patients especially in the 1st 6 months. Further studies should be performed to investigate the prevention and management of hemorrhage in mCRC patients treated with bevacizumab.
